Background: Type 2 diabetes mellitus (T2DM) is a highly prevalent disease characterized by chronic hyperglycemia. Yoga is a form of mind-body intervention shown to have a positive impact on several health conditions in both healthy and diseased patients. The present study is intended to assess the effects of the Residential Integrated Yoga Program (RIYP) on blood glucose levels in patients with T2DM. Material and Methods: Data of 598 (186 females) T2DM patients from a holistic health center in Bengaluru, India, who attended a 15-day RIYP between January 2013 and December 2015 was obtained retrospectively. Average age of the participants was 56.45 ± 11.02 years. All subjects underwent a 15-day RIYP which involved yogabased lifestyle changes with components of regulated sleep, balanced diet, asanas, pranayama, relaxation techniques, meditations, yogic cleaning procedures, and tuning to the nature. Fasting and post-prandial blood sugar, medication score, symptom score, systolic and diastolic blood pressure, pulse rate, and respiratory rate were assessed before and after intervention. Result: There was a significant decrease in fasting (p < 0.001) and post-prandial blood sugar levels (p < 0.001) along with a significant reduction in medication and symptom scores after 15 days of RIYP compared to baseline. Conclusion: The present study indicates that 2 weeks of a yoga-based residential program improves blood glucose levels, blood pressure, and medication score in patients with T2DM. However, further randomized controlled studies need to be performed in order to confirm the present findings.
Introduction
Type 2 diabetes mellitus (T2DM) is a common metabolic disorder characterized by chronic hyperglycemia. It is a leading cause of morbidity and mortality worldwide, associated with severe complications such as cardiovascular disease, cerebrovascular disease, or chronic renal disease. It is projected to be the 7th leading cause of death by 2030 [1] . The worldwide prevalence of T2DM was estimated to be 6.4%. In Asia, 15% of the population -or 1 in 7 adultshave been reported to have either elevated fasting glucose or impaired glucose tolerance [2] , 5-12% of these persons develop type 2 diabetes every year [3] . At present, India is the country with the 2nd highest number of T2DM patients, and the figure is expected to double by 2030 [4] . The incidence rate of T2DM cases is progressively increasing in rural parts of India, and the age at onset of T2DM is also reducing gradually [5, 6] due to unhealthy lifestyles [7] .
Conventional anti-diabetic medication therapy includes oral administration of hypoglycemic agents and insulin therapy. These methods have been shown to be beneficial in the initial phase of T2DM; over a period of time, however, a significant number of patient reports indicate a reduced efficacy of most anti-diabetic medications. Further, these medications are associated with several adverse effects including weight gain [8, 9] weakness, fatigue, lactic acidosis, or diarrhea, and they may increase LDL cholesterol level. Vigorous insulin treatment may also carry an increased risk of atherogenesis [10, 11] .
Yoga is a form of traditional and complementary medicine. Several scientific investigations have shown the health-benefiting effects of yoga in various chronic health conditions including T2DM [12] , neuromuscular diseases [13] , psychiatric illnesses [14] , asthma [15] , hypertension [16] , and coronary artery disease [17] .
Material and Methods
From a holistic health center in Bengaluru, India, data of 598 (186 females) T2DM patients, with on average 8 ± 3.4 years of history of T2DM and who attended a 15-day yoga program between January 2013 and December 2015, was obtained retrospectively.
Inclusion and Exclusion Criteria
Subjects with T2DM, within the age range of 30-60 years, who meticulously followed the routine of Integrated Approach of Yoga Therapy (IAYT) for 15 days during their stay at the health center, were considered for the study. Subjects were excluded from the study if they were on insulin therapy, had any diabetic complications, were on antipsychotic medication or steroid medication, were long-term practitioners of any kind of yoga, or had been practicing yoga within the last year.
All subjects underwent a 15-day Residential Integrated Yoga Program (RIYP) which involved timetablebased, supervised, yoga-based lifestyle changes with components of regulated sleep, yogic sattvic diet, asanas, pranayama, relaxation techniques, meditations, yoga-based cleansing procedures, lectures on yoga philosophy, and selfless service. All subjects were assessed before and after intervention for changes in fasting blood sugar, post-prandial blood sugar, medication score, and symptom scores along with systolic and diastolic blood pressure, bhramari time, pulse rate, and respiratory rate.
Ethical Considerations
This study was approved by the institution's Ethics Committee of SVYASA University, Bengaluru, India.
Intervention
The RIYP which is based on IAYT can be understood as a holistic model, which corrects imbalances at the physical, mental, and emotional level through the application of multiple components such as asanas, diet, loosening exercise, breathing exercises, pranayama, cyclic medication, mind sound resonance technique, devotional sessions, and yogic counseling (lectures). For details on time tables followed during the 15 days of RIYP, see Table 1 and 2.
Results

Blood Glucose Level (Table 2)
A significant decrease in post-prandial blood sugar (from 202.79 ± 77.29 to 192.24 ± 79.62; p < 0.001) as well as fasting blood sugar levels (from 156.95 ± 84.82 to 134.26 ± 51.46; p < 0.001) along with a significant reduction in anti-diabetic medication (from 4.76 ± 3.30 to 3.88 ± 3.20; p < 0.001) and symptom score (from 156.95 ± 84.82 to 134.26 ± 51.46; p < 0.001) was found after 15 days of RIYP compared to baseline. Physiological Variables (Table 2 ) Paired-sample t test revealed a significant decrease in systolic (from 126.81 ± 18.08 to 108.08 ± 24.46; p < 0.001) and diastolic blood pressure (from 74.6 ± 10.45 to 63.13 ± 31.53; p < 0.001), pulse rate (from 79.63 ± 9.24 to 60.93 ± 27.79; p < 0.001), and respiratory rate (from 18.28 ± 3.71 to 15.66 ± 4.38; p < 0.001).
Discussion
The present study showed a significant improvement in blood glucose levels, physiological variables, and anti-diabetic medication score following 15 days of RIYP in patients with T2DM. This suggests a potential role of RIYP in T2DM management. Yoga-based lifestyle intervention is a comprehensive intervention and consists of several physical and mental practices. Yoga is also cost effective and easy to maintain, requiring little in the way of equipment or professional personnel, and there is evidence indicating excellent long-term adherence and benefits.
A randomized controlled trial by Nagarathna et al. [18] , in 2012, showed a significant reduction in oral hypoglycemic medication requirement and LDL; and increasing HDL, blood glucose, HbA1c, triglyceride, total cholesterol, and VLDL following a yoga-based lifestyle modification program.
In our study, T2DM patients stayed for 15 days during which the RIYP for diabetes was imparted to them. Yoga-based lifestyle takes into consideration the 5 important factors of lifestyle: (1) diet, (2) physical activity, (3) sleep, (4) habits, and (5) psychological stress. The designed RIYP was developed to address each of these lifestyle factors and bring balance at all the levels. Medication compliance and adherence to yoga was controlled by the medical doctor and yoga therapist in charge at the section; diet was controlled as standard sattvic food was provided; the location of our health home -being away from city life and amidst nature -could be considered as a calming factor to combat stress.
Many previous studies have shown beneficial effects of yoga in improving overweight, blood pressure, insulin levels, triglycerides [19] , fasting and post-prandial blood sugar levels, and pulse rate [20, 21] . Most of the above-mentioned studies where yoga therapy was beneficial in reducing blood sugar levels involved yoga intervention of discrete yoga sessions (asanas, paranayama, or both) in the usual routine (mostly for 60 min per day, 1-5 days per week) and the duration of intervention ranged from 6 weeks to 6 months. In our study, we observed similar effects in a much shorter period of 2 weeks. This suggests that if different components of yoga (viz., asanas, pranayama, meditations, relaxations, devotional sessions, study of the scriptures, and yogic counseling) are integrated together on the basis of the philosophy of yoga-based lifestyle then they may act synergistically and thereby provide better results than those produced by any of the components of yoga alone. The improvement in fasting and post-prandial blood sugar levels following IAYT may be attributed to an activation of the HPA axis through a reduction in stress which is associated with decreased glucose levels in T2DM. Several sessions of yoga in a day may help the patients to improve their glucose level.
Though the present retrospective study was performed on a large number of T2DM subjects, the lack of a control group is a major limitation of the current study. Future studies should use a control group, where subjects follow a conventional lifestyle change program in a residential setup and then compare the residential conventional lifestyle change program with the residential yoga-based lifestyle program (RIYP).
Conclusion
The present study indicates that 2 weeks of yoga-based residential program improves blood glucose levels, blood pressure, and medication score in T2DM patients.
